Introduction
============

Nasopharyngeal carcinoma (NPC) is a malignant tumor growing on the top and lateral side of the nasopharyngeal cavity. It is one of the common high-grade malignant tumors in China, and the incidence ranks the first of the malignant tumors of the ear, nose and throat ([@b1-ol-0-0-11144]). Typical symptoms of NPC include nasal congestion or bleeding, hearing loss, diplopia and headache ([@b2-ol-0-0-11144]). Non-keratinized squamous cell carcinoma is the major subtype of NPC, which has high malignancy and high rate of distant metastasis due to local infiltration ([@b3-ol-0-0-11144]). Environmental factors, genetic susceptibility and EBV (Epstein-Barr virus) infection are the major causes of NPC ([@b4-ol-0-0-11144]). Unfortunately, \~30--40% of NPC patients are diagnosed at advanced stage accompanied by distant metastasis or local recurrence since diagnostic methods at early stage are insufficient ([@b5-ol-0-0-11144]). It is urgent to uncover the pathogenesis of NPC, and to search for hallmarks that help in diagnosis and treatment at early stage.

MicroRNAs (miRNAs) are a class of non-coding, single-stranded RNAs encoded by endogenous genes \~22 nucleotides long. They participate in post-transcriptional regulation. A single miRNA could have several target genes, and several miRNAs could regulate one common gene. Approximately one-third of human genes could be regulated by miRNAs. It is reported that miRNA exerts a crucial function in the occurrence and progression of NPC ([@b6-ol-0-0-11144]). For example, miR-184 inhibits NPC cells to migrate and invade by modulating Notch2 ([@b7-ol-0-0-11144]). miR-342 directly inhibits the growth and metastasis of NPC cells through targeting ZEB1 ([@b8-ol-0-0-11144]). miR-495 downregulates GRP78 expression by regulating epithelial-mesenchymal transition (EMT), thus enhancing the radiotherapy-sensitivity of NPC ([@b9-ol-0-0-11144]).

Previous studies have found that HOXA-AS2 promotes proliferation and induces EMT in hepatocellular carcinoma via the microRNA-520c-3p (miRNA-520c-3p)/GPC3 axis ([@b10-ol-0-0-11144]). LncRNA HOXA-AS2 promotes the progression of papillary thyroid carcinoma by regulating the miRNA-520c-3p/S100A4 pathway ([@b11-ol-0-0-11144]). Serving as a ceRNA, it accelerates osteosarcoma cells to migrate and invade by sponging miRNA-520c-3p ([@b12-ol-0-0-11144]). miRNA-520c-3p negatively regulates EMT by targeting IL-8, thus inhibiting the metastasis of breast cancer ([@b13-ol-0-0-11144]). miRNA-520c-3p is reported to be involved in tumor progression. However, its role in the progression of NPC has not been fully elucidated.

RAB22A is a member of the Ras superfamily, with a carcinogenic role ([@b14-ol-0-0-11144],[@b15-ol-0-0-11144]). Previous studies have demonstrated that RAB22A is upregulated in several types of tumors ([@b16-ol-0-0-11144]--[@b19-ol-0-0-11144]). A relevant study pointed out that upregulated RAB22A in breast cancer is closely related to lymphatic metastasis and malignant progression ([@b20-ol-0-0-11144]). In this study, we first determined the expression pattern of miRNA-520c-3p in NPC. Correlation between miRNA-520c-3p level and pathological indexes of NPC patients was analyzed. Subsequently, RAB22A was predicted to be the target gene of miRNA-520c-3p. The biological function of miRNA-520c-3p/RAB22A axis in the malignant progression of NPC was further explored.

Patients and methods
====================

### Sample collection

NPC tissues and normal adjacent tissues were surgically resected from NPC patients in The Affiliated Hospital of Qingdao University (Qingdao, China) from December 2016 to October 2018. They did not receive preoperative anti-tumor therapy and were pathologically diagnosed. Samples were immediately preserved in liquid nitrogen. All subjects volunteered to participate in the study and signed an informed consent. This study was approved by the Ethics Committee of The Affiliated Hospital of Qingdao University.

RNA extraction and quantitative real-time polymerase chain reaction (qRT-PCR). RNA was extracted using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.), chloroform and isopropanol. The extracted RNA was quantified and reversely transcribed into complementary deoxyribose nucleic acid (cDNA), followed by PCR using SYBR Green method. PCR was conducted at 94°C for 5 min, followed by 40 cycles at 94°C for 30 sec, 55°C for 30 sec and 72°C for 90 sec.

### Cell culture and transfection

Nasopharyngeal epithelial cell line (NP69) and NPC cell lines (CNE1, 6-10B, SUNE2, HNE-1 and CNE2) were provided by American Type Culture Collection (ATCC). Cells were cultured in Roswell Park Memorial Institute-1640 (RPMI-1640) (HyClone; GE Healthcare Life Sciences) containing 10% fetal bovine serum (FBS) (Gibco; Thermo Fisher Scientific, Inc.) and maintained at 37°C, in 5% CO~2~ incubator.

For transfection, cells were pre-seeded in a 6-well plate and grown to 60--80% confluence. Transfection reagent and Lipofactamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) were, respectively, diluted in serum-free medium. They were mixed together and left at room temperature for 20 min. Serum-free medium (1.5 ml) and 0.5 ml of transfection mixture were applied to each well. At 4--6 h, complete medium was replaced.

### Cell counting kit-8 (CCK-8)

Cells were seeded to wells of the 96-well plate with 2×10^3^ cells/well. Absorbance (A) at 450 nm was recorded at the appointed time points using the CCK-8 kit (Dojindo Laboratories) for depicting the viability curve.

### Western blot analysis

Total protein was extracted from cells or tissues using radioimmunoprecipitation assay (RIPA) (Beyotime Institute of Biotechnology) and loaded for electrophoresis. After transferring on a polyvinylidene fluoride (PVDF) membrane (EMD Millipore) at 300 mA for 100 min, it was blocked in 5% skim milk for 2 h, incubated with primary antibodies at 4°C overnight and secondary antibodies for 2 h. Bands were exposed by electrochemiluminescence (ECL) and analyzed by Image Software (NIH).

### Flow cytometry

Cell density was adjusted to 5×10^4^ cells/ml and fixed in pre-cold 75% ethanol overnight. Before cell cycle determination, cells were washed with phosphate-buffered saline (PBS) twice, incubated with 100 µl of RNaseA at 37°C water bath in the dark for 30 min, and then incubated with 400 µl of PI at 4°C in the dark for 30 min. Flow cytometry was used for determining the absorbance at 488 nm.

### Colony formation assay

Cells were seeded in the culture dish with 50, 100 and 200 cells, respectively. After cell culture for 2--3 weeks, cells were subjected to 15-min fixation in 4% paraformaldehyde and 30-min Giemsa staining. After removing the staining solution, colonies were air dried and observed under a microscope. Percentage of colonies = colony number / cell number ×100%.

### Construction of LV-RAB22A

A plasmid containing the full-length cDNA of RAB22A and the H1 promoter fragment were amplified by PCR, and inserted into the lentivirus, which was LV-RAB22A.

### Dual-luciferase reporter gene assay

Wild-type and mutant-type luciferase vectors of RAB22A were constructed, namely RAB22A WT and RAB22A MUT, respectively. Cells were co-transfected with RAB22A WT/MUT and miRNA-520c-3p mimics/NC for 24 h. Cells were then fully lysed, centrifuged at 10,000 × g at 4°C for 5 min, and 100 µl of supernatant was harvested for determining the luciferase activity (Promega).

### Statistical analysis

Statistical Product and Service Solutions (SPSS) 19.0 (SPSS Inc.) was used for all statistical analysis. Data are presented as mean ± SD (standard deviation). The t-test was used for analyzing intergroup differences. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### miRNA-520c-3p is downregulated in NPC

Compared with adjacent non-tumor tissues, miRNA-520c-3p was downregulated in NPC tissues as qRT-PCR data revealed ([Fig. 1A](#f1-ol-0-0-11144){ref-type="fig"}). Identically, it was downregulated in NPC cell lines relative to NP69 cell line ([Fig. 1B](#f1-ol-0-0-11144){ref-type="fig"}). Based on different tumor stage, it is found that miRNA-520c-3p level remained higher in NPC with stage I+II relative to those with stage III+IV ([Fig. 1C](#f1-ol-0-0-11144){ref-type="fig"}). Moreover, miRNA-520c-3p remained in higher abundance in NPC tissues with \<5 cm in tumor size compared with those ≥5 cm ([Fig. 1D](#f1-ol-0-0-11144){ref-type="fig"}). These data suggested the potential involvement of miRNA-520c-3p in the progression of NPC.

### Knockdown of miRNA-520c-3p accelerated proliferative ability and cell cycle progression

To clarify the biological function of miRNA-520c-3p in NPC, we first constructed miRNA-520c-3p mimic and inhibitor. Their transfection efficacy was verified in SUNE2 and CNE2 cells ([Fig. 2A](#f2-ol-0-0-11144){ref-type="fig"}). CCK-8 assay showed the inhibited viability in NPC cells overexpressing miRNA-520c-3p, while knockdown of miRNA-520c-3p enhanced the viability ([Fig. 2B](#f2-ol-0-0-11144){ref-type="fig"}). After transfection of miRNA-520c-3p mimic, SUNE2 and CNE2 cells were mainly arrested in G0/G1 phase ([Fig. 2C](#f2-ol-0-0-11144){ref-type="fig"}). Knockdown of miRNA-520c-3p, conversely, accelerated the cell cycle progression. Similarly, the number of colonies markedly decreased in NPC cells overexpressing miRNA-520c-3p ([Fig. 2D](#f2-ol-0-0-11144){ref-type="fig"}).

### miRNA-520c-3p exerts the carcinogenic role by targeting RAB22A

Through online prediction, binding sequences between miRNA-520c-3p and RAB22A were revealed ([Fig. 3A](#f3-ol-0-0-11144){ref-type="fig"}). RAB22A was highly expressed in NPC tissues and cell lines ([Fig. 3B and C](#f3-ol-0-0-11144){ref-type="fig"}). Subsequently, western blot analyses indicated that transfection of miRNA-520c-3p mimic downregulated RAB22A, whereas transfection of miRNA-520c-3p inhibitor upregulated its level ([Fig. 3D](#f3-ol-0-0-11144){ref-type="fig"}). Dual-luciferase reporter gene assay was further conducted to elucidate the binding relationship between miRNA-520c-3p and RAB22A. Relative luciferase markedly decreased in NPC cells co-transfected with miRNA-520c-3p mimic and RAB22A WT, confirming the binding of RAB22A to miRNA-520c-3p ([Fig. 3E](#f3-ol-0-0-11144){ref-type="fig"}).

### Overexpression of RAB22A reverses the carcinogenic role of overexpressed miRNA-520c-3p in NPC

A series of rescue experiments were performed to elucidate the role of miRNA-520c-3p/RAB22A in the malignant progression of NPC. LV-RAB22A was first constructed, and transfection of LV-RAB22A in SUNE2 and CNE2 cells markedly upregulated RANB22A level ([Fig. 4A](#f4-ol-0-0-11144){ref-type="fig"}). Transfection of LV-RAB22A partially reversed the inhibited viability in NPC cells overexpressing miRNA-520c-3p ([Fig. 4B](#f4-ol-0-0-11144){ref-type="fig"}). Identically, the arrested NPC cells in G0/G1 phase due to miRNA-520c-3p overexpression were reduced by co-transfection of LV-RAB22A ([Fig. 4C](#f4-ol-0-0-11144){ref-type="fig"}). It is believed that overexpression of RAB22A reversed the carcinogenic role of miRNA-520c-3p in NPC.

Discussion
==========

NPC originates from the nasopharyngeal mucosa epithelium, which is the most prevalent cancer in otolaryngology ([@b21-ol-0-0-11144]). Clinical symptoms of NPC are not obvious, mainly manifesting as nasal congestion and bleeding ([@b22-ol-0-0-11144]). Lymphatic metastasis of NPC develops at the early stage of NPC. Currently, radiotherapy is the preferred method for NPC treatment since the tumor is moderately sensitive to it ([@b23-ol-0-0-11144]). The prognosis of NPC is relatively poor because of high rates of recurrence and metastasis at early stage ([@b24-ol-0-0-11144]). Searching for specific hallmarks and therapeutic targets for NPC contributes to improve the prognosis of these patients.

miRNAs are small, non-coding RNAs. In plants, miRNA completely binds to the target gene to cleave the target mRNA ([@b25-ol-0-0-11144]). In animals, miRNA inhibits the translation of target gene by incompletely complementary pairing, which further mediates target gene expression without influencing the mRNA stability ([@b26-ol-0-0-11144]). Some miRNAs locate in tumor-related region on the chromosome. Serving as oncogenes or tumor- suppressor genes, they exert different roles in the whole process of tumor progression ([@b27-ol-0-0-11144],[@b28-ol-0-0-11144]).

In this study, miRNA-520c-3p was downregulated in NPC tissues and cell lines, which is consistent with others that miRNA-520c-3p is downregulated in some malignant tumors. It was found that overexpression of miRNA-520c-3p suppressed proliferative ability and arrested cell cycle in G0/G1 phase. These results demonstrated that miRNA-520c-3p could be a tumor suppressor in the progression of NPC.

Subsequently, RAB22A was confirmed to be the direct target of miRNA-520c-3p. As a novel carcinogenic gene, RAB22A facilitates malignant phenotypes of tumor cells. A growing number of evidence has shown the vital function of RAB22A in tumorigenesis and tumor progression. RAB22A enhances CD147 cycle, which is necessary for invasion and migration of lung cancer cells ([@b16-ol-0-0-11144]). Overexpression of RAB22A accelerates the tumor growth of melanoma ([@b29-ol-0-0-11144]). The proliferative and invasive capacities of kidney cancer cells are suppressed by miR-204-mediated RAB22A ([@b30-ol-0-0-11144]). It was demonstrated that miRNA-520c-3p blocked proliferative progression of NPC cells via targeting RAB22A.

In conclusion, miRNA-520c-3p is downregulated in NPC, which accelerates the malignant progression of NPC by targeting RAB22A.

Not applicable.

Funding
=======

Not applicable.

Availability of data and materials
==================================

All data generated or analyzed during this study are included in this published article.

Authors\' contributions
=======================

XS and NL designed the study and performed the experiments, XS and WX collected the data, NL and CZ analyzed the data, XS and NL prepared the manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate
==========================================

This study was approved by the ethics committee of The Affiliated Hospital of Qingdao University (Qingdao, China). Signed informed consents were obtained from the patients and/or guardians.

Patient consent for publication
===============================

Not applicable.

Competing interests
===================

The authors declare no competing interests.

![miRNA-520c-3p is downregulated in NPC. (A) Relative level of miRNA-520c-3p in NPC tissues and adjacent non-tumor tissues. (B) Relative level of miRNA-520c-3p in nasopharyngeal epithelial cell line (NP69) and NPC cell lines (CNE1, 6-10B, SUNE2, HNE-1 and CNE2). (C) Relative level of miRNA-520c-3p in NPC with stage III--IV and stage I--II. (D) Relative level of miRNA-520c-3p in NPC tissues \<5 cm and ≥5 cm. \*P\<0.05. miRNA-520c-3p, microRNA-520c-3p; NPC, nasopharyngeal carcinoma.](ol-19-01-0771-g00){#f1-ol-0-0-11144}

![Knockdown of miRNA-520c-3p accelerates proliferative ability and cell cycle progression. (A) Transfection efficacy of miRNA-520c-3p mimic and inhibitor in SUNE2 and CNE2 cells. (B) CCK-8 assay showed the viability in SUNE2 and CNE2 cells transfected with miRNA-520c-3p mimic or inhibitor. (C) Flow cytometry showed the percentage of cell cycle in SUNE2 and CNE2 cells transfected with miRNA-520c-3p mimic or inhibitor. (D) Colony formation assay showed the number of colonies in SUNE2 and CNE2 cells transfected with miRNA-520c-3p mimic or inhibitor. \*P\<0.05. miRNA-520c-3p, microRNA-520c-3p; CCK-8, cell counting kit-8.](ol-19-01-0771-g01){#f2-ol-0-0-11144}

![miRNA-520c-3p exerts the carcinogenic role by targeting RAB22A. (A) Binding sequences between miRNA-520c-3p and RAB22A. (B) Relative level of RAB22A in NPC tissues and adjacent non-tumor tissues. (C) Relative level of RAB22A in nasopharyngeal epithelial cell line (NP69) and NPC cell lines (CNE1, 6-10B, SUNE2, HNE-1 and CNE2). (D) Protein level of RAB22A in SUNE2 and CNE2 cells transfected with miRNA-520c-3p mimic or inhibitor. (E) Luciferase activity in SUNE2 and CNE2 cells co-transfected with RAB22A WT/MUT and miRNA-520c-3p mimics/NC. \*P\<0.05. miRNA-520c-3p, microRNA-520c-3p; NPC, nasopharyngeal carcinoma.](ol-19-01-0771-g02){#f3-ol-0-0-11144}

![Overexpression of RAB22A reverses the carcinogenic role of overexpressed miRNA-520c-3p in NPC. (A) Transfection efficacy of LV-RAB22A in SUNE2 and CNE2 cells. (B) CCK-8 assay showed the viability in SUNE2 and CNE2 cells transfected with NC, miRNA-520c-3p mimic or miRNA-520c-3p mimic+LV-RAB22A. (C) Flow cytometry showed the percentage of cell cycle in SUNE2 and CNE2 cells transfected with NC, miRNA-520c-3p mimic or miRNA-520c-3p mimic+ LV-RAB22A. \*P\<0.05. miRNA-520c-3p, microRNA-520c-3p; NPC, nasopharyngeal carcinoma; CCK-8, cell counting kit-8.](ol-19-01-0771-g03){#f4-ol-0-0-11144}
